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Introduction; Beyond monocentric cities 
Monocentric cities employed to explain the self-organizing process in urban 
economics models do not more exist. In most of contemporary metropolises CBD 
does not concentrate the most of employment nor population of urban systems, or 
ever it does not exist like in Los Angeles [6]. Sprawl and polycentrism have 
emerged as new paradigmatic structures in large cities [7][8][4][16]. Meanwhile 
these process often coexist, they have contradictory effects: urban sprawl has been 
seen as an inefficient way of urban growth in contraposition to polycentrism which 
has become attractive for both scholars and decision makers. So in large 
contemporary metropolises have emerged a new way of life where suburbs coexist 
with city centres, metropolises have become in cities of cities [17] with many 
realities overlapping in different layers. The objectives of this paper are: first to 
explore the way in how urban life organizes in the context of polycentric systems; 
second, to explore which urban attributes are behind the formation of metropolitan 
subcentres; and third to explore the level polycentrism in traditionally compact 
Mediterranean cities.. 
Why is polycentrism a desirable way of life and how is detected in large cities 
The European Spatial Development Perspective (ESDP) agreed in 1999 proposes the 
promotion of polycentrism as a European Union central policy. At continental scale 
polycentrism is understand as the promotion of alternative centres, outside of the so 
called “pentagon”1, but at regional level, the polycentric notion is associated to a 
concentrated-decentralization from central cities to emergent ones  functionally 
linked among them, but not necessarily contiguous.  Theory suggests that perfect 
polycentric system would offer the two major economic advantages of urban 
systems: the presence of agglomeration economies, which result in increasing 
returns for firms, and a potential reduction of transport costs (including time), which 
lead to a reduction in salaries and land rent [11][12][9], what promotes urban 
                                                                
1 Defined by the metropolises of London, Paris, Milan, Munich, and Hamburg. 
Marmolejo et al. Time-density and polycentrism in spanish metropolitain system 
 
352 | Proceedings of 7VCT, Lisbon, Portugal, 11-13 October 2011 
competitiveness. Moreover, this urban model would have social and environmental 
benefits arising from an improvement in transport planning [10] and a drop in 
commuting [5] if the network is designed to connect subcentres [10]. In that way 
polycentric systems offer the benefits of large and medium-sized cities [11] by 
combining the advantages of traditional centralized cities with a decentralized 
spatial configuration [12]. 
Polycentrism can be achieve not only by decentralization of employment from CBD 
due the existence of centrifugal forces (i.e. agglomeration diseconomies), but also, 
by the functional integration of formerly independent urban centres. This latter line 
is affiliated to Central Place Theory which considers that market areas are defined 
by the willingness to travel of individuals for achieving the consumption of goods 
and services centrally distributed [2]. In this respect when travel cost are reduced the 
expansion of market areas allows for integrate central places as subcentres [1].  
Whether polycentric urban structures come from decentralization or integration, the 
continuing argument in urban economics theory is that both overall land rents and 
density gradients are conjointly influenced by the proximity to CBD and subcentres.  
Subcentres, therefore, mimic at local scale the influence that is exerted by CBD in 
the global scale.   
In order to empirically detect subcentres the vast majority of methodologies2  have 
focused on the identification of subcentres by alternatively studying: a) how dense 
in employment terms is a site (controlling or not the distance to CBD); or b) the 
influence of a site in organizing the commuting flows coming from neighboring 
sites.  Such criteria have clearly defined two families of subcentre identification, 
where density analysis is, by far, the most extended family. In literature density has 
been seen as a proxy for human interaction, since the higher is the quantity of 
persons per sq.km the higher is the interaction probability which is accepted to be 
behind of the essence of urban systems. 
How life organizes in polycentric urban structures 
literature the density used to detect urban systems and its structure has been related 
to employment or population. These approaches give a narrow image of how urban 
life is organized across space, especially in post-industrial cities where leisure, 
culture, and education has gained share in the use of time. Furthermore, employment 
or population density, does not account for the time that people effectively stay in 
each site. In flexible labour markets part-time jobs, distributed work and 
telecommuting has emerged as new ways to carry out economical activities. For that 
reasons, in this paper we propose time-density as a new way to study the way in how 
life is organized in contemporary metropolises. By analyzing travel-chains from 
mobility surveys, at micro-data level (i.e. individuals), it is possible to know: what, 
where and how long people are doing. In this paper, the Survey of Quotidian 
Mobility (SQM) carried out in 2001 by the Metropolitan Transport Authority in the 
Metropolitan Region of Barcelona is analyzed. Namely activities studied are those 
carried out from home: work, shopping, visit friends and familiars, study, health 
                                                                
2 See an excellent review of this literature in Roca et al. (2009). 
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visits, and leisure. By summing the time that different people expend in the same 
place and activity and dividing it by the effectively artificialized land3  we construct 
specific time-density for each activity. 
Metropolitan Region of Barcelona (MRB) had in 2001, 4.3 M inhabitants, 2.0 M 
jobs in 3,100 sq. km of which only 744 were urbanized, arranged in 164 
municipalities. It has a polycentric structure, dominated by a central conurbation 
around Barcelona’s municipality. This structure is basically conformed by 
integration of formerly independent cities with medieval origins and endogenous 
growth located between 20 and 50 km from the municipality of Barcelona.  
According to SQM of total time expended out-of-home in a typical non holiday 
week in RMB people expend 55% working, 23% studying, 11% in leisure, visiting 
friends and relatives and dining out, 4% shopping; other activities like health 
services occupy 2% or making things such personal and work arrangements occupy 
3%. 
In spatial terms, as depicted in Figure 1, the bigger is the distance from CBD the 
lowest the time-density and the lower the diversity of use of space. Nevertheless this 
reduction is far to be lineal, because of the existence of subcentres, so the peaks 
located between 20 and 30 km. correspond to them.  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 1 Unidirectional distribution of time-density by activity 
As discussed in the previous section density analysis has been extensively used to 
detect subcentres. In this paper we use the cut-offs approach to find dense spots of 
time distribution in Barcelona. Such a procedure, originally devised by Giuliano & 
Small [4] consists in setting two minimum thresholds one related to density (e.g. 
jobs/sq. km) and other to critical mass (e.g. jobs). Those thresholds rely on the 
                                                                
3 Artificial land has been obtained from remote sensing  using satellite imagery in the Corine 
Land Cover framework. 
 
Source: Own elaboration using Survey of Quotidian Mobility 2001 (ATM)
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qualitative knowledge of local researchers.  García-López [3] and Muñiz et al. [13] 
has suggested for Barcelona that a subcentre could be a municipality concentrating 
at least 1% of metropolitan employment, and having an employment density 
superior to the average metropolitan density. In this paper we follow such criteria to 
find nucleus of time density.  
In figure 2 it is possible to observe the 11 municipalities suggested as subcentres by 
the classic job density. In contraposition time-density proposes 16 municipalities. 
Job density is unable to detect important non-job concentrations like Cerdanyola and 
Esplugues specialized in university and secondary education respectively or 
Vilanova in retail. Futhermore, time-density allows for differentiating subcentres by 
their diversity. Barcelona municipality (i.e. the CBD) is the most time-dense spot 
and at the same time the most diverse thus is pointed out as subcentre in all 6 out-of-
home analyzed activities, in this same diversity condition are Hospitalet and 
Badalona which are also located in the central conurbation, and Mataró. In a second 
level of diversity is Santa Coloma another conurbated municipality and the rest of 
subcentres: Sabadell, Terrassa, Granollers and Vilanova. The remaining of 16 
subcentres is mono-specialized in activities like study or leisure.  
 
Subcentres by activity according to specific time-density
Municipality
Central 
conurbati
on
Subcentre 
according to 
classical job 
density
Time-density 
(all activities)
Work + 
work 
arrangme
nt
Study
Shopping 
+ 
personal 
arrangme
nt
Health
Visit 
friends 
and 
dinning 
out
Leisure + 
walking
Sum
T E C M V O 
Barcelona 1          1                457.787     1         1         1         1        1      1        6      
Hospitalet de Llobregat 1          1                224.681     1         1         1         1        1      1        6      
Badalona 1          1                207.475     1         1         1         1        1      1        6      
Mataró 1                149.029     1         1         1         1        1      1        6      
Sabadell 1                209.964     1         1         1         -      1      1        5      
Santa Coloma de Gram. 1          1                187.731     -       1         1         1        1      1        5      
Terrassa 1                100.576     1         -       -       1        1      1        4      
Granollers 1                133.132     1         1         -       1        -    -      3      
Vilanova i la Geltrú -              76.741      -       -       1         -      1      1        3      
Esplugues de Llobregat 1          -              171.236     -       1         -       -      -    -      1      
Cerdanyola del Vallès -              139.706     -       1         -       -      -    -      1      
Cornellà de Llobregat 1          1                120.202     -       1         -       -      -    -      1      
Matadepera -              90.610      -       1         -       -      -    -      1      
Gavà -              79.510      -       -       -       -      1      -      1      
Sant Boi de Llobregat 1                76.451      -       -       -       -      1      -      1      
Viladecans -              75.158      -       -       -       -      1      -      1      
Martorell 1                68.989      -       -       -       -      -    -       
MRB 11              3.297        7         11       7         7        11     8        
Source: Own elaboration using 2001 Quotidian Mobility Survey (ATM) and  2001 Residence-to-work mobility from National Census (INE)  
Figure 2 Time-density subcentres in Barcelona 
In order to test whether subcentres detected via time density performs better than 
those detected via de classical job density some  urban indicators (interaction value4, 
                                                                
4 This indicator is as follows: 
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entropy of residence-to-work travels5, labor self-containment, diversity of economic 
activity, and specialization in qualified office based activities)  have been 
constructed. Results suggest that subcentres identified by means of time-density are, 
in relation to those identified by means of classic job density: a) more functionally 
linked to the rest of the metropolitan system, b) receive labor commuting from more 
municipalities, c) have stronger self-containment (i.e more capacity to retain 
residents in labor terms), d) are more diverse, and e) are more specialized in top-
qualified office activities. Thus time density allows for detecting subcentres that 
meets the expected features of metropolitan centralities.     
In this context 70% of time used out of home by inhabitants from MRB is spent only 
in 10% of municipalities (16 subcentres among 164 municipalities). The most 
clustered activities are those related to health (90% of time is spent in its respective 
subcentres), and the most dispersed is working with only 67% of time spent in 
employment subcentres. The rest of activities account around 75%. These figures let 
us know the importance of subcentres in the structuration of life in polycentric 
metropolises. 
What’s behind time-density function? 
Up to know the importance of subcentres in structuring the daily life in 
contemporary metropolises has been depicted. Nevertheless, it is necessary to 
explore the urban attributes that induce high time-densities. Such an exploration is 
carried out by means of the following model at municipal level: 
 
Tdi=f(Ui, Ai, Ei, Si)   (1) 
 
Where Td is the time density of a given municipality i, Ui are attributes liked to 
urban structure (built density, land use, fragmentation of urban fabric, etc.), Ai are 
indicators of accessibility, Ei from environmental amenities and Si those related to 
socioeconomics. Those explicative factors respond to the fact that according to bid 
rent theory density follows land rent, and this latter is influenced by aforementioned 
attributes. 
In the first model the explained variable is the log of time-density (considering all 
activities together), this model calibrated by OLS, is able to explain 65% of 
variation of time-density in the space.  The statistical significant covariables are: Net 
built density (0.512, 0.000); the ratio of income flows/outgoing flows which is an 
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Where REP is the resident employed population, JOB is the number of Jobs and F is the 
commuting flow between i and j. The higher is this indicator; the strongest is the functional 
link between municipalities. 
5 This indicator has been calculated using the H of Shannon. The higher is this indicator the 
most diverse is the resident-to-work origin of travels ending at a given subcentre.  
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indicator of nodality of sites (0.112, 0.026); the diversity of economic activities 
(0.165, 0.003); the percentage of retail at street level (0.156; 0.026); the percentage 
of cultural facilities (0.136, 0.024);  the percentage of suburb-like neighborhoods  (-
0.195; 0.001) and finally the index of urban fragmentation6  (-0.146; 0.008), 
between parenthesis are Beta coefficients  and Sig. values. As seen, beyond built 
density, time-density is basically explained by the absence of suburb-like 
neighborhoods and the diversity of economic activities, at the time that street-level 
retail and cultural facilities (e.g. art galleries, museums, etc.) reinforce the temporal 
use of urbanized land. So the design of urban fabrics, not only in terms of land use, 
but also of design has a strong influence on the way in how people expend the time 
out of home.  
Time-dense spots not only means saving in land consumption and mobility, but also, 
a huge opportunity to reinforce the social cohesion by means of interaction in 
common spaces. 
Is polycentrism tackling urban sprawl in Mediterranean metropolises? 
In order to respond such a question it is necessary to know: 1) what is the real 
extension of Spanish metropolitan areas, 2) how polycentric are them, and 3) how 
much people live and work in subcentres.  In this paper the methodology proposed 
by Roca and Moix [16] on delimitation of metro areas has been followed for the 7 
bigger Spanish metropolises: Madrid, Barcelona, Valencia, Bilbao, Seville, 
Zaragoza and Málaga. Such a methodology is based on the interaction value built on 
residence-to-work mobility data, in Figure 3 are depicted the results.  In order to 
detect the polycentricism of such metropolises the same methodology used in 
section 3 has been used.  
 
Figure 3 Delimitation of main Metropolitan Areas in Spain 
Figure 4 contains the main figures of metropolises. As it can been in terms of 
number of subcentres Barcelona and Valencia outstands as the most polycentric 
areas. Nevertheless this indicator of polycentrism is sensible to the number of 
                                                                
6 This index measures how fragmented is the land consumed in a municipality, the higher it is, the higher is 
the number of fragments in which the city is organized and the more homogeneous is their size. It is 
computed as follows: ? ?? ?)(1
1 ijij
n
ji
PLnPFrag ? ???  
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municipalities in metro areas. For that reason the share of employment and 
population located at subcentres (excluding the CBD) has been used as a better 
indicator of polycentrism. In such an approximation Barcelona is the top polycentric 
metro area since 24% of its employment is on subcentres and 29% of its population. 
On the contraposition is Zaragoza with only 3% of employment and 0.15% of its 
population located in subcentres. In terms of “similar” size metro areas Barcelona is 
more polycentric than Madrid; Bilbao that Valencia, and this latter than Seville; and 
Málaga than Zaragoza. 
Significantly, with exception of Zaragoza, most of the metro areas have a 
polycentric nature, with a still very important CBD in terms both of employment and 
population. This finding is quite important, and represents a point of inflexion on the 
historical urban growth process dominated by continuous urbanization of urban 
centres. 
More research is needed to answer whether or not polycentrism is gaining weight as 
predominant way of growth in front to dispersal in Spanish metropolises.  In such 
line our research team is working. 
 
 
Figure 4 Main figures of Spanish metropolises and polycentrism. 
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Final Remarks 
Monocentric cities employed to explain the self-organizing process in urban 
economics models do not more exist. Sprawl and polycentrism have emerged as new 
paradigmatic structures in large cities. The objectives of this paper were: first to 
explore the way in how urban life organizes in the context of polycentric systems; 
second, to explore which urban attributes are behind the formation of metropolitan 
subcentres; and third to explore the level polycentrism in traditionally compact 
Mediterranean cities. In order to respond the first two questions a time density has 
been constructed using information of travel-chain surveys in Barcelona’s metro 
area (MRB). In order to detect time-density subcentres cut-off approach has been 
used. Analyses suggest that 70% of time used out of home by inhabitants from MRB 
is spent only in 10% of municipalities (16 subcentres among 164 municipalities). 
The most clustered activities are those related to health (90% of time is spent in its 
respective subcentres), and the most dispersed is working with only 67% of time 
spent in employment subcentres. These figures let us know the importance of 
subcentres in the structuration of life in polycentric metropolises. In order to explore 
what urban factors are behind the formation of time-density multiple regression 
analyses has been carried out. As it has been shown, beyond built density, time-
density is basically explained by the absence of suburb-like neighborhoods and the 
diversity of economic activities, at the time that street-level retail and cultural 
facilities (e.g. art galleries, museums, etc.) reinforce the temporal use of urbanized 
land. So the design of urban fabrics, not only in terms of land use, but also of design 
has a strong influence on the way in how people expend the time out of home. 
Finally the subcentre analyses have been repeated for all the seven biggest 
metropolitan areas in Spain. Significantly, with exception of Zaragoza, most of the 
metro areas have a polycentric nature, with a still very important CBD in terms both 
of employment and population. This finding is quite important, and represents a 
point of inflexion on the historical urban growth process dominated by continuous 
urbanization of urban centres. 
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